Objectives : Bedside tests of attention and organized thinking were performed in patients with cognitive impairment or dementia but without delirium, to provide estimates of false positive rates for detecting delirium superimposed on dementia (DSD).
Introduction
Delirium is a common and severe, neuropsychiatric syndrome in the elderly, characterized by fluctuating inattention, other cognitive deficits, altered arousal and hallucinations and/or delusions. Prevalence of delirium in older patients ranges from 14-56% (Fong et al., 2009) and even up to 70-90% in patients with pre-existing dementia, depending on the severity of dementia (Voyer et al., 2006) . Older age and cognitive impairments are both important risk factors for delirium explaining the high prevalence of delirium superimposed on dementia (DSD) (Cole, 2004) . DSD is associated with poor long-term clinical outcomes, such as accelerated decline in cognitive and physical functions, institutionalization and even death (Inouye et al., 2006; Witlox et al., 2010; Fick et al., 2013; Davis et al., 2017) . The anxiety, hallucinations, and behavioral disturbances in DSD are associated with intense suffering in patients and increased burden in families and professional caregivers (Partridge et al., 2013; Jans et al., 2015) . However, DSD often goes unrecognized by clinicians and nurses due to overlapping symptoms of delirium and dementia (Voyer et al., 2007) . Potentially, these diagnostic difficulties delay timely and appropriate counseling and treatment. Accurately delineating core features of delirium, such as newly impairments of attention with a fluctuating course as the most prominent features of delirium and decline of cognition and differentiating these from pre-existing cognitive deficits associated with underlying neurodegenerative or cerebrovascular disease, is obviously very difficult in daily medical practice (van Gool et al., 2017) Previous studies have reported the difficulties concerning the accurate diagnosis of DSD. In their review on the prevalence of DSD, Fick et al. (2002) concluded that the wide variation in prevalence likely reflects the use of numerous different screening tools to detect DSD. A large survey of DSD practice among international delirium specialists demonstrated that there is a lack of consensus concerning assessment and diagnosis of DSD. Richardson et al. (2016) and Morandi et al. (2017) concluded that the evidence base for tools to detect DSD is limited, and constitutes an emerging challenge. In the absence of specific DSD tools, recommendations were made to focus on attention (Fick et al., 2013; Tieges et al., 2014; Richardson et al., 2017) , and disorganized thinking (Voyer et al., 2006; Meagher et al., 2012; Fick et al., 2013) , in order to differentiate coexisting delirium from isolated premorbid dementia.
Several studies evaluated the value of bedside tests covering attention and organization of thinking like for example the confusion assessment method for the intensive care unit (CAM-ICU) (Ely et al., 2001) in differentiating symptoms of DSD from pre-existing cognitive impairment or dementia (Meagher et al., 2010; Morandi et al., 2012; Leonard et al., 2016; Richardson et al., 2017) . However, most of these studies have been performed in hospitalized patients, with a retrospectively determined dementia diagnosis and patients with a pre-existing severe dementia were under-represented in these studies (Morandi et al., 2012) . Therefore, essential information is not available that may serve to gauge the potential value of specific bedside tests advocated for the detection of DSD. Information on the capability of passing tests of attention and organization of thinking like used in the cognitively impaired subjects without delirium is essential for assessing their potential specificity in reliably establishing a diagnosis of DSD. To this end, this study aims to provide estimates of potential false positive rates for detecting DSD by evaluating test performance on simple and widely used clinical executive tests of attention and organized thinking both in outpatients and institutionalized patients without delirium, across a wide spectrum of severity of cognitive impairments.
Methods

Study sample and design
In this descriptive cross-sectional study, attention and organization of thinking were tested in patients with cognitive impairment and/or dementia, but free from delirium, in order to examine the false positive (and true negative) rates if these tests would be used to detect DSD. Patients were recruited between January 2015 and April 2016.
Study participants and settings
Participants were recruited from two settings: a geriatric outpatient service (GOS) for cognitive evaluation and a long-term care facility (LTCF) for people with dementia, both in the Netherlands. Patients were eligible for the study if dementia or a cognitive disorder was diagnosed and classified by an elderly care physician (Koopmans et al., 2010) according to Diagnostic and Statistical Manual of Mental Disorders IV (DSM IV) criteria (AmericanPsychiatricAssociation, 1994) . Exclusion criteria are as follows: (1) current delirium as assessed by an elderly care physician or trained psychologist using the DSM IV criteria for delirium, or (2) suspected delirium in the weeks preceding assessment, according to information obtained by an interview with the primary caregiver (in the GOS setting) or nurses (in the LTCF), or (3) any condition precluding proper test interpretation like e.g. concomitant severe psychiatric disorder or language barrier. Informed consent was obtained from patients, in case of decisional incapacity, consent was derived from the legal representatives. The ethics committee of the VU University Medical Center reviewed the study.
Procedures
All patients referred to the GOS with a history of cognitive impairment or (suspected) dementia were examined by an elderly care physician. In addition to GOS standard diagnostic assessments such as the Mini-Mental State Examination (MMSE) (Folstein et al., 1975) patients were invited to participate in the assessments for the current study. Caregivers were interviewed by a psychiatric nurse to obtain information concerning the cognitive impairment, its course and on comorbid conditions. In addition, to determine the severity of dementia people were assessed with the cognitive performance scale (CPS) (Morris et al., 1994) and in order to rule out a current or recent episode of delirium, specific questions were asked about delirium features, like acute change or fluctuations in cognitive or psychological performance, for the past few weeks.
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The results of all assessments were discussed in a multidisciplinary team with participation of an elderly care physician, a neuropsychologist, psychiatrist and psychiatric nurse. Diagnoses of dementia or cognitive disorders were classified according DSM IV criteria.
For patients living in the LTCF, an elderly care physician or psychologist did the assessments by performing the MMSE and ruling out or making a delirium diagnosis according DSM IV criteria. Nurses of the department were asked to fill in the CPS and they were interviewed to determine possible delirium features over the preceding few weeks. The dementia diagnoses were obtained from the medical records.
Measurements
The tests under investigation probing inattention and disorganized thinking were both taken from the CAM-ICU, which has been proposed as a test to detect DSD (Morandi et al., 2012 ).
Attention
Attention was tested by asking the patient to hold the examiner's hand, saying: "I am going to read you a series of 10 letters. Whenever you hear the letter 'A' indicate so by squeezing my hand." Followed by listing "C-A-S-A-B-L-A-N-C-A," in a normal tone, each letter 2-3 sec apart. Errors were counted when patients failed to squeeze on the letter "A" and when patients squeezed on any other letter. If a patient made more than two mistakes the test was scored as abnormal.
Organization or coherence of thinking
Organization or coherence of thinking was tested by first asking the patient a "yes" or "no" answer to the following four questions: "Will a stone float on water?," "Are there fish in the sea?," "Does one pound weigh more than two pounds?," "Can you use a hammer to pound a nail?" More than one error on the combined four questions was interpreted as evidence of disorganized thinking. If a patient responded correctly to three or all four questions, the patient was asked to fulfill the following commands: first "Hold up this many fingers" when the examiner held up two fingers. Next the patient was asked: "Now do the same with your other hand", without giving an example. Both commands must be responded correctly to pass the test.
Severity of cognitive impairment
The MMSE was assessed and adapted Perneckzy criteria (Perneczky et al., 2006) were applied to categorize scores into four categories: no or questionable dementia (score of 30-25), mild (24-21), moderate (20-10), or severe dementia (9-0).
Since it was anticipated that it might be difficult to appropriately assess the MMSE in some participants from the LTCF, we also applied the CPS for grading the severity of dementia (Morris et al., 1994) . The CPS is a heteroanamnestic list validated for LTCF settings. CPS scores correspond closely to those generated by the MMSE (Hartmaier et al., 1995) . The CPS can be classified into seven cognitive performance categories. In line with the previous research, these categories were further collapsed into four levels of impairment for this study because of the small number of participants in some classes: (1) normal/questionable (combining "intact"; and "borderline intact" on the CPS), (2) mild, (3) moderate (both according to the existing CPS categories), (4) severe (collapsing "moderate or severe impairment," "severe impairment," and "very severe impairment" of the original scale) (Teno et al., 2010) .
Statistical analyses
We investigated baseline similarity in the characteristics of the persons who were excluded (n = 44) and the study sample (n = 163) to examine potential selection bias by using χ 2 tests for categorical variables, and independent ttests for continuous variables, or Mann-Whitney tests if continuous baseline variables were skewed. Descriptive statistics were used to describe sociodemographical and clinical characteristics of the study sample. To estimate the potential value of the tests for attention and organized thinking for detecting delirium superimposed dementia we calculated the rates of false positives and true negatives for the four MMSE and CPS categories. The specificity was calculated by 1-specificity = FPR. The association between the severity of cognitive impairment (as measured with the MMSE and CPS) and false positive rates of the two detecting tests were analyzed by correlation testing (Spearman's ρ). SPSS (IBM version 22) was used for all statistical analyses.
Results
A total of 207 (53%) participants from the 388 potentially eligible subjects were assessed (see Figure 1 ). Delirium was diagnosed or suspected in 29 patients, and these persons were thus excluded for analysis. Another 15 patients were excluded because of various reasons specified in the flow diagram ( Figure 1) . As a result, 163 patients were included in the analysis. Persons who were excluded (n = 44) had significantly more severe cognitive impairment, both on the MMSE (mean MMSE score 16.8 vs. 10.2, 95% CI 3.45-9.80, p < 0.001) and CPS (mean CPS score 2.4 vs. 3.6, 95% CI −1.81 to −0.68, p < 0.001). There were no significant differences between both groups with regard to age, gender, and recruitment setting. Table 1 shows the socio-demographic characteristics, the diagnoses, and the distribution among severity categories of the study sample in total and divided by origin. The study participants showed a large variation of ages (range 65-101 years, mean 83 years, standard deviation (SD) ±6 years) and dementia stage (Table 1 ). Alzheimer's disease was the most frequent dementia diagnosis (45%), followed by dementia not otherwise specified (NOS) (17%), cognitive disorder NOS (13%) and vascular dementia (10%).
Participants characteristics
Attention test
Fail rate of the attention test in the group for whom the CPS was available (n = 157) was in total 0.31, equivalent to specificity of 0.69. Depending on the severity of the cognitive impairment the fail rates ranged from 0.1 (0.90) in patients with no to borderline dementia to 0.72 (0.28) in those with (very) severe dementia (ρ = Spearman correlation 0.48; p < 0.001).
Classification according to severity categories based on the MMSE score yielded fail rates varying from 0.04 (0.96) in the normal/questionable group to 0.8 (0.2) in subjects in the severe group (ρ = 0.53; p < 0.001). For the total group (n = 160) the false positive rate was 0.29, equivalent to specificity of 0.69 (Table 2) .
Organization of thinking test
Evidence for disorganized thinking was present in 0.23, equivalent to specificity of 0.77 in the total group assessed with the CPS, with 0.03 (0.97) of patients with impairments falling in the lowest CPS category and this increased to 0.52 (0.48) in the most severe category of severity (ρ = 0.47; p < 0.001). In the total group with a MMSE score 0.21, fail rates were found equivalent to specificity of 0.79., In the normal/questionable group, no subjects failed the test for organized thinking, but the fail rate increased from 0.08 (0.92) in the mild group via 0.17 (0.83) in the moderate group to 0.67 (0.33) in the severe group (ρ = 0.48; p < 0.001) ( Table 2) .
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Combined test results
Rates for failing either the test for attention or the test for organized thinking are depicted in Figure 2 per MMSE severity category, mounting up to 0.9, equivalent to specificity of 0.1 for patients with the lowest MMSE scores. Failing both tests occurred in 0.57, equivalent to specificity of 0.43, of these patients, but only 4 of the 130 participants with MMSE scores above 9 failed both tests (Figure 2  right panel) . 
Discussion
The objective of this study was to examine the capability of patients without delirium within a wide range of cognitive impairment to correctly perform two simple bedside tests for attention and organization of thinking. Both tests are widely used to capture episodes of delirium as part of the CAM-ICU. If these patients fail to successfully complete these tests, this provides an estimate of potential false positive rates for detecting DSD. In this way, their potential value in reliably establishing a diagnosis of DSD could be explored. As far as we know, this study is the first to address this question specifically in a substantial group of patients with a DSM IV diagnosis of cognitive impairment from minimal to severe dementia in whom delirium was carefully excluded. Previous studies reported positive tests results for detecting DSD in patients without specifying the severity of dementia (Bellelli et al., 2014; Adamis et al., 2016; O'Regan et al., 2016) or in groups of patients with (moderate to severe) dementia that were relative small (Leonard et al., 2016; Voyer et al., 2016; Richardson et al., 2017) .
We found substantial false positive rates on the tests of attention and organized thinking, which were both positively associated with increasing severity of dementia. This can be explained by the fact that attention is compromised in the moderate and severe stages of dementia (Perry et al., 2000; Kolanowski et al., 2012) . In addition, the capability to organized thinking also depends on the degree of global cognitive functioning (Bhat and Rockwood, 2007) . As the study participants represent a wide spectrum of ages and clinical characteristics, these findings indicate that the tests under study result in high false positive rates if used without taking into account the severity of cognitive impairment to detect DSD. Our findings are in line with study results showing that a letter recognition test distinguished patients with delirium from those with dementia but also resulted in high false positive rates (Leonard et al., 2016) . By evaluation of five attention measurements, Adamis et al. (2016) found 40-50% positive test results for inattention in patients with dementia who were free from delirium symptoms. Consistent with the present results, Voyer et al. (2016) found a substantial decrease in specificity on the month of the year backwards MOTYB task in patients with cognitive impairment.
However, our findings indicate that false positive rates may be reduced substantially when the results of both tests are interpreted in combination rather than as isolated findings in patients with minimal, mild, and moderate dementia. In patients without delirium but with MMSE scores below 10 , both tests appear not useful for excluding delirium because false positive rates between 0.67 and 0.80 can be expected.
In recent research, Richardson et al. (2017) demonstrated that the combination of a letter recognition attention test (similar to the test used in our study) with The Observational Scale of Level of Arousal (OSLA) (Tieges et al., 2013) performed better than the two test individually. The observational nature of the OSLA requires only minimal cooperation of subjects and level of arousal is closely associated with attentional deficits in delirium (Boustani et al., 2014) . It is promising to further evaluate combinations of letter recognition, disorganization of thinking, and the OSLA in the population of patients with severe cognitive impairments in order to lower the rate of false positives.
Furthermore, it is important to emphasize that the test evaluated here are only parts of the diagnostic algorithm for delirium. Positive test results can contribute to the diagnosis especially in DSD; however, diagnosing DSD always needs more extensive clinical assessment.
In our study, we had to exclude 20% of subjects (17 out of 81 patients) from the LTCFpopulation because of (suspected) delirium. It is important to note that these delirium cases were unrecognized by nurses or physicians since we screened the population in order to exclude the delirium diagnosis for the study. Better recognition by healthcare professionals is needed for timely and appropriate counseling and treatment of the syndrome.
The study knows some limitations The assessments to exclude delirium proceeded through clinical investigation applying DSM IV criteria and interviews with nurses (in LTCF) or caregivers (in subjects visiting the GOS). These interviews focused on possible signs or symptoms of delirium over the preceding few weeks. Especially in the LTCF setting, the outcome of the interview may be limited in reliability due to shift work of the nurses. However, combining this information with the clinical examination provided satisfactory outcome as exemplified by exclusion of 20% of the LTCF subjects because of suspected current or recent delirium.
Although the heterogeneity of our study population could also be considered a study limitation we believe that these variation in ages, diagnoses, and severity of impairments adds to the external validity of our findings for everyday clinical practice both in GOSs as well as in long term care facilities.
Grading the severity of dementia especially in the LTCF is difficult. Assessing executive test can be followed by noncompliance because of understanding problems or resistance. We chose two complementary approaches by using the MMSE, an executive test restricting the grading to cognitive impairments per se, and the CPS an observational test that can be completed regardless of the severity of cognitive impairments. Regardless of the measurement instrument, we found, increasing rates of test failure on both tests with increasing severity of cognitive impairment.
A strength of our study is that we were able to establish accurate dementia diagnoses and we could classify subjects according to the degree of severity of dementia, rather than retrospective classifications as in some previous studies (Bellelli et al., 2014; De et al., 2016; Morandi et al., 2016; O'Regan et al., 2016) . By excluding delirium or suspected delirium the study provides information about potential false positive rates of well recommended simple tests for delirium in a population representing a wide spectrum of ages, diagnoses, and severity of cognitive impairments. Because we performed the test across the complete range of cognitive impairments we are now able to characterize potential false positive rates (for diagnosing DSD) in subjects with severe dementia a group that has been under-researched so far.
We conclude that use of simple bedside tests of attention and organized thinking for detecting DSD will lead to disproportionally high rates of false positive observations if used in isolation in patients across a wide spectrum of degrees of dementia. However, if test results are evaluated in combination they may serve to exclude DSD with confidence in patients with minimal, mild, and moderate degrees of dementia. The simple bedside tests under investigation are not suited to exclude delirium in subjects with severe degrees of dementia. In the latter populations, it may be worthwhile to combine results of bedside examinations with observation of levels of arousal (Tieges et al., 2013) .
